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Emerging literature highlights the need to incorporate physical activity into every strategy intended to prevent weight gain as
well as to maintain weight loss over time. Furthermore, physical activity should be part of any plan to lose weight. The stimulus
of exercise provides valuable metabolic adaptations that improve energy and macronutrient balance regulation. A tight coupling
betweenenergyintakeandenergyexpenditurehasbeendocumentedathighlevelsofphysicalexercise,suggestingthatexercisemay
improveappetitecontrol.Theregularpracticeofphysicalactivityhasalsobeenreportedtoreducetheriskofstress-inducedweight
gain. A more personalized approach is recommended when planning exercise programs in a clinical weight loss setting in order to
limit the compensatory changes associated to exercise-induced weight loss. With modern environment promoting overeating and
sedentary behavior, there is an urgent need for a concerted action including legislative measures to promote healthy active living
in order to curb the current epidemic of chronic diseases.
1.Introduction
Regular, vigorous exercise has been necessary for survival
throughout evolution. It is only during the past few decades
that it has become possible for people to go through
life with minimal physical activity. The modern way of
living promotes comfort and well-being in a less energy-
demanding environment; however, we are not genetically
adapted for this sedentary lifestyle. Physical inactivity has
become so prevalent that it is common to refer to exercise as
having “healthy beneﬁts,” even though the exercise-trained
state is the biological normal condition [1, 2]. It has long
been known that regular physical activity induces multiple
adaptationswithinskeletalmusclesandthecardiorespiratory
system, all of which providing positive outcomes for the
preventionandtreatmentofmanymetabolicdisorders[3,4].
Lack of exercise should rather be perceived as “abnormal”
and associated with numerous health risks. The objective for
us as researchers and health care practitioners is to be more
innovative in ﬁnding ways to motivate people to exercise and
adopt healthier lifestyle choices.
In the ﬁeld of obesity research, physical exercise has
been traditionally considered as a strategy to burn calories.
However, physical exercise is much more than that. It is
a stimulus that, when properly managed, contributes to
a signiﬁcant improvement in energy and macronutrient
balance regulation and to global body functioning, that is,
a precise regulation of body homeostasis [5]. It thus seems
appropriate to propose that an active lifestyle can inﬂuence
energy balance and body fat to a much greater extent than2 Journal of Obesity
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Figure 1: Weight loss related to an exercise intervention, a diet
intervention, and a diet + exercise intervention. The magnitude of
weight loss due to physical activity is additive to caloric restriction,
but physical activity is generally insuﬃcient by itself to bring about
clinically signiﬁcant weight loss, that is, a decrease of 5% or more in
body weight. Figure adapted from Wing [6].
what is generally perceived by health professionals. To reach
this outcome, exercise should ideally be performed regularly
and on a permanent basis.
The main preoccupation of this conceptual paper is
to discuss the critical role of physical activity in body
weight regulation. The paper should not be perceived as
an exhaustive literature review and critical analysis of the
exercise–body weight connection, but rather an attempt to
emphasize why and how physical exercise should be part of
any plan to achieve body weight stability and overall health.
Although the results of exercise programs designed to reduce
body weight are generally considered disappointing [6] (see
Figure 1), we still believe that exercise is an important player
in obesity prevention and management. For the purpose of
this paper, the general term “regular exercise” refers to the
population-at-large consensus message that accumulation of
30min of moderate intensity activity such as brisk walking,
on at least 5 days of the week, can provide important health
beneﬁts.
2. PhysicalExercise:MoreThan
a Calorie-BurningAgent
There has been increasing evidence over the past decades
of the importance of physical exercise in maintaining
cardiovascular health and preventing diseases [7]. In recent
years the list of beneﬁcial eﬀects has continued to grow. It
has been shown that physically active individuals are less
likely to develop stroke [8], some forms of cancer [9], type
2 diabetes [10], obesity [11], osteoporosis [12], sarcopenia
[13], and loss of function and autonomy [14]. Evidence
is also accumulating that exercise has profound beneﬁts
for brain function, including improvements in learning
and memory as well as in preventing and delaying loss of
cognitive function with aging or neurodegenerative disease
[15]. The knowledge gained from this large body of evidence
is highlighting the crucial role of exercise to health and well-
being, and it underscores the need to pay serious attention to
this area of public health [7].
When sedentary individuals undertake exercise, the
activity provides a massive stimulus with widespread phys-
iological implications. The precise metabolic regulation
brought about by exercise is expressed at many levels of
regulatory processes, be it by stimulating the eﬀect of
key enzymes, by increasing cell sensitivity to numerous
hormones, by facilitating substrate transport through mem-
branes, by inﬂuencing cell receptors in a tissue-speciﬁc
manner, and much more [5]. With the generalized seden-
tariness observed in modern societies, the human body
needs to compensate for the lack of exercise stimulation to
maintain energy and macronutrient balance. Fat gain and
the metabolic syndrome are unfortunately the price to pay
to maintain this balance [16].
The physiological perception of obesity considers fat
gain as a biological adaptation that ultimately permits the
person gaining weight to reach a new homeostatic state
[17]. Some of the adaptations to this state of positive energy
balanceincludeanincreaseinfatoxidation[18],sympathetic
nervous system activity [19], insulinemia at euglycemia [20],
and leptinemia [21], all of which promoting over time the
reequilibration of energy balance. However, fat gain cannot
fully replace the positive impact conferred by a healthy
lifestyle. The problem related to fat gain as a physiological
compensation to sedentariness is that it cannot occur with
the same metabolic eﬃciency as exercise. Speciﬁcally, fat
gain relies more on increased concentration of substrates
(e.g., free fatty acids) and hormones (e.g., insulin and leptin)
to reequilibrate energy balance, which likely underlies the
occurrence of the metabolic syndrome. These observations
reinforce the relevance of adhering to healthy diet and
physical activity habits in order to maintain body weight
stability rather than relying on the overuse of regulatory
systems soliciting the eﬀects of hyperinsulinemia on the
control of energy intake and expenditure.
In the context of weight management, it is more and
more recognized that exercise should be encouraged and the
emphasis on weight loss reduced [22–24]. This is concordant
with the evidence that cardiorespiratory ﬁtness is a more
powerful predictor of cardiovascular and mortality risk than
bodyweight[25,26].Thecultureoffocusingonbodyweight
as the sole indicator of success is misleading because exercise
without weight loss has been reported to be associated
with marked reductions in abdominal fat and increases in
skeletal muscle mass [27]. Moreover, body weight per se does
not seem to be the most important risk factor for obesity
comorbidities [28–30]. It is nevertheless understandable that
many people feel disappointed by the poor weight loss
success of exercise.
According to King et al. [31], the general perception that
exercise is futile for weight management is damaging, and a
more transparent and positive attitude to the health beneﬁts
of exercise is required. Therefore, there is a need to promote
physical exercise and to prevent it being undervalued by the
community and by public health professionals [25, 31].Journal of Obesity 3
3.Exercise-InducedNegative EnergyBalance
The ability of exercise to induce an overall body energy
deﬁcit or to prevent a positive energy balance within a given
period of time depends on its energy cost, its ability to
modify postexercise energy metabolism, and the postexercise
compensation in energy intake [5]. Furthermore, the result-
ing exercise-related energy balance is inﬂuenced by exercise
modalities (type, duration, frequency, and intensity) as well
as the nutritional context surrounding its practice.
Beyond the energy cost of exercise, early studies have
shown that an increase in energy metabolism can persist
for many hours following the exposure to the exercise
stimulus [32, 33]. Many years later, we conﬁrmed this
observationbydemonstratingthatrestingmetabolicratewas
greater in endurance-trained individuals compared to the
level predicted by their body weight [34]. Taken together,
the energy cost of physical activity and its related increase
in postexercise metabolic rate should normally induce a
signiﬁcant body weight loss if no compensation in energy
intake occurs over time.
In the 1980s, Flatt [35] proposed the RQ:FQ concept
according to which variations in energy balance correspond
to those in macronutrient balance. In fact, since the regu-
lation of carbohydrate and protein balance is precise, this
concept ultimately implies that energy balance is equivalent
to fat balance. Thus, the capacity of exercise to induce an
energy deﬁcit would depend on the ability to increase lipid
oxidation above lipid intake. Importantly, this concept also
emphasizes the impact of variations of body fat mass on fat
oxidation. For instance, in the study of Schutz et al. [36], a
change of 10kg in fat mass was related to a change of 20g in
daily lipid oxidation in the same direction. If these results
are applied to the context of a weight-reducing program,
this would mean that 40 to 60min of light to moderate
exercise might be necessary to compensate for the decrease
in fat oxidation resulting from a 10kg fat mass loss. Our
research experience with female elite swimmers agrees with
this observation since a two-month interruption of regular
intensive training resulted in a 4kg fat gain corresponding
to a positive energy balance of about 600kcal/day [37].
Thus, one of the main clinical implications of the RQ:FQ
concept is that regular physical activity seems to be necessary
to compensate for the weight loss-induced decrease in fat
oxidation and thus prevent weight regain in a context where
fat intake would be unchanged. This is consistent with data
reported by Ewbank et al. [38] who found that exobese
regular exercisers regained much less body weight compared
to less active subjects.
The RQ:FQ concept also helps in understanding the
eﬀects of exercise modalities on body weight. As previously
reviewed in [39], increasing exercise duration is related to
some accentuation of weight loss and ultimately to the
occurrence of a plateau. Once again, fat loss over time has
as u ﬃcient inﬂuence on weight regulation to compensate for
the stimulating eﬀects of exercise.
Our research has also been oriented towards the evalua-
tion of exercise intensity per se on energy balance and body
weight. In this case, the key question is whether, “calorie
for calorie,” an increase in exercise intensity is suﬃcient
to modify the spontaneous coupling between energy intake
and expenditure. The ﬁrst answer to this question was
provided by the Canada Fitness Survey which showed that
after statistical adjustment for the energy cost of leisure
time activities, subcutaneous adiposity was lower in indi-
viduals reporting the practice of vigorous physical activities
[40]. Subsequently, the comparison of two exercise training
programs revealed that for a given energy expenditure of
exercise, subcutaneous fat loss was greater after a high
intensity intermittent exercise program compared to a more
conventional endurance training program [41]. This study
also showed that high intensity exercise induced a more
pronounced enhancing eﬀect on the oxidative potential of
skeletal muscle. Furthermore, experiments performed under
standardized laboratory conditions conﬁrmed the eﬀects of
exercise intensity, be it on postexercise spontaneous energy
intake or energy expenditure/fat oxidation. Indeed, after
having performed a 500kcal-exercise of either low or high
intensity, the postexercise compensation in ad libitum energy
intake was lower when exercise intensity was high [42]. We
repeatedthesameexperimentalstrategytomeasuretheeﬀect
of vigorous exercise on postexercise energy metabolism.
Speciﬁcally, high intensity exercise accentuated postexercise
resting VO2 and fat oxidation which was, however, abolished
by beta blockade [43]. This ﬁnding is relevant regarding
the RQ:FQ concept [35], because it demonstrates the
involvement of beta adrenergic stimulation as a mechanism
underlyingthestimulatingeﬀectofvigorousphysicalactivity
on fat oxidation.
Insummary,theexperienceofmanydecadesofinvestiga-
tion on the impact of physical activity on body weight shows
that the exercise stimulus can inﬂuence energy balance.
This eﬀect is more pronounced when prolonged vigorous
exercise is performed but clinical experience indicates that
some individuals may be unable to take in charge such a
physical demand. According to the RQ:FQ concept, one
must also keep in mind that independently of the features
of the exercise regimen, metabolic adaptations occurring
with fat loss will progressively attenuate the anorexigenic
and thermogenic eﬀects of prolonged vigorous activity up to
complete resistance to further lose fat. The obvious corollary
of this observation is that exercise will thus have to be
maintainedinareducedobesestatetopreventfurtherweight
regain.
4. PhysicalExerciseImprovesthe Accuracy
byWhichEnergyIntakeIsMatchedwith
EnergyExpenditure
Several decades ago, Mayer et al. [44] evaluated the asso-
ciation between caloric intake, body weight, and physical
work in an industrial male population in West Bengal
(India). The mill workers covered a wide range of physical
exercise, from sedentary to very hard work. The authors
observed that caloric intake was greater in workers exposed
to a greater labor demand, but only for moderate-to-high
levels of physical exercise. In contrast, energy intake and4 Journal of Obesity
energyexpenditurewereuncoupledinsedentaryindividuals.
Indeed, energy intake was greater in sedentary workers
compared to those performing light and medium work.
These data are suggestive of a disruption in the accuracy
by which energy intake is matched with energy expenditure
at low levels of physical exercise and might explain, at
least in part, why it is so diﬃcult to prevent weight regain
in sedentary individuals after a weight loss intervention.
Conversely, a tight coupling between energy intake and
energy expenditure has been documented at high levels of
physical exercise [45, 46].
Furthermore, physical exercise has been shown to
improve energy compensation in response to covert preload
energy manipulation [47–49]. Indeed, active individuals
seem more able to distinguish between preloads by ade-
quately adjusting energy intake at a subsequent meal,
denoting a better short-term appetite control. In contrary,
sedentary individuals generally show a deﬁcient homeostatic
feedback control of hunger and satiety end are unable
to distinguish between a low- and high-energy preload,
and have similar energy intake at a subsequent meal
[47–49]. The “long-term” eﬀects of physical exercise on
energy compensation in response to covertly manipulated
preloads have also been recently investigated [50]. The
authors observed an improved appetite control after a 6-
week moderate intensity exercise program in normal weight
sedentary individuals, with a more sensitive eating behavior
in response to previous energy intake. In addition, results
from a recent randomized crossover study showed that
acute exercise signiﬁcantly increased postprandial levels of
PYY, GLP-1, and pancreatic polypeptide in normal weight
adults, suggesting that exercise can trigger physiological
changes in hormone secretion, which could help in appetite
control [51]. The transitory increase in the plasma levels
of satiety hormones reported in the latter study may help
to explain the short-term suppression of hunger observed
after exercise, a phenomenon that is known as “exercise-
induced anorexia.” Thus, it seems appropriate to say that
exercisers display a better appetite control in general than
their less active counterparts. However, short-term satiety
data cannot directly be extrapolated to long-term appetite
control, because adaptations may occur.
5. CriticalRole of Physical Activityin
the Long-Term Weight Regulation
The role of physical activity on the long-term prevention
of weight gain or maintenance of weight loss has been
assessed in numerous studies in the literature. Most recently,
cross-sectional data from 7 European countries in the EPIC-
PANACEAsurveyindexedatotalof125629menand280190
women into four categories according to self-reported
physical activity practice and found that physical activity
was inversely associated with BMI and waist circumference
[52].Prospectivecohortstudiesinvestigatingtherelationship
between obesity and levels of physical activity over time
are fairly consistent. Most studies found that people who
are physical active on a regular basis are less likely to gain
weight [53–56]. Interestingly, Drøyvold et al. [56]f o u n d
that subjects reporting exercise of higher intensities were
less likely to gain weight than those reporting low intensity
exercises, even after adjusting for baseline BMI and age. Fur-
thermore, Kimm et al. [57] showed that a decline in physical
activity in adolescence was related to increases in BMI and
skin fold thickness over time. Given the risk of adolescence
overweight and obesity for later development of obesity,
these ﬁndings underscore the importance of physical activity
in long-term weight regulation. In contrast, Petersen et al.
[58] did not ﬁnd a relationship between long-term physical
activity participation and development of obesity. The study
rather suggested that obesity may lead to physical inactivity.
The above-mentioned ﬁndings are important in estab-
lishing associations between long-term weight regulation
and physical activity; however, randomized controlled trials
are needed to investigate the causal relationship between
these two factors. Few studies have been conducted in
this area. Donnelly et al. [59] studied weight changes in
responsetoa16-monthsupervisedexercisetrial(45min/day,
5days/week) in overweight young men and women. They
found that exercise produced ∼5kg weight loss in male
exercisers compared to controls. Whereas in women controls
the weight gain was ∼3kg, the exercisers remained weight
stable.Slentzetal.[60]studiedtheeﬀectsofdiﬀerentexercise
volumes and intensities over 8 months on body weight
and body fat distribution in middle-aged men and women
with mild-to-moderate hypertension. Without a reduction
in caloric intake, loss of both body mass and fat mass
occurred in a dose-dependent manner in regards to exercise
volume and intensity. Furthermore, the controls gained
weight throughout the study period. In the Look AHEAD
trial, a total of 5145 men and women with type 2 diabetes
were studied [61]. Greater self-reported physical activity
was the strongest correlate of weight reduction, followed by
clinically signiﬁcant endpoints such as treatment attendance
and meal replacements.
In general, physical activity has not been regarded as
the most eﬀective strategy for obtaining weight loss. Several
systematic reviews have showed that a lower weight loss
can be expected by physical activity alone compared to
caloric restriction [62–64]. However, many methodological
issues, such as doses of physical activity, assessment of
energy balance and energy intake, and variations in baseline
variables (e.g., age, weight, and percentage of body fat) have
to be considered when interpreting these ﬁndings. In recent
years, several well-controlled studies that carefully matched
energydeﬁcitsbyeithercaloricrestrictionorphysicalactivity
haveshownthatweightlossthroughexercisecanbeachieved
[65–67]. Furthermore, weight loss induced by exercise seems
to reduce total and ectopic body fatness to a greater extent
than caloric restriction [65–67], which is a ﬁnding of high
clinical importance.
In more aggressive weight loss strategies, physical activity
also plays an important role. Evans et al. [68] studied gastric
bypass surgery patients at months 3, 6, and 12 postsurgery.
Patients reporting participation in at least 150min/week of
moderate-to-high intensity exercise had greater weight loss
at 6 and 12 months postsurgery.Journal of Obesity 5
The US National Weight Control Registry, published in
2008, reports that those who are successful at maintaining
weight loss (individuals maintaining a 13.6kg weight loss
for more than 1 year) are an extremely physically active
group, despite a large variance in individual levels of physical
activity [69]. These ﬁndings have been conﬁrmed by Jakicic
et al. [70], who studied obese women randomly assigned to
1 of 4 groups based on physical activity energy expenditure
(1000 versus 2000kcal/week) and intensity (moderate versus
vigorous)withaconcomitantdecreaseindailydietaryenergy
intake (−1200 to −1500kcal/day). Despite no diﬀerence
in weight loss at 6 and 24 months between the groups,
post hoc analyses showed that individuals sustaining a loss
of 10% or more of initial body weight at 24 months
reported performing more physical activity (1835kcal/week
or 275min/week) compared to those sustaining a weight loss
of less than 10% of initial body weight.
The reasons for this association between high levels of
physical activity and successful maintenance of weight loss
in the long term are not fully understood; however, it is
probably related to the maintenance of resting metabolic
rate or total daily energy expenditure. Redman et al. [71]
randomized overweight subjects to either a low calorie
diet (∼900kcal/day), caloric restriction of 25% of daily
energy requirements, or 12.5% caloric restriction plus 12.5%
increase in energy expenditure by structured exercise. The
authorsobservedthat6monthsofcaloricrestrictionresulted
in a metabolic adaptation characterized by a reduction in
free-living energy expenditure that is larger than what can be
explained by changes in body weight and body composition.
Furthermore, there was a reduction in free-living activity
thermogenesis after caloric restriction which was prevented
when caloric restriction was combined to exercise.
As mentioned previously, another explanation for the
association between high levels of physical exercise and
successful maintenance of weight loss in the long term
pertains to the better coupling between energy intake and
energy expenditure, thereby facilitating the maintenance of
energy balance [46]. Finally, high levels of physical activity
are associated with better adherence to energy-restricted
diets [64]. All together, the emerging scientiﬁc literature
highlights the need to incorporate physical activity into
every strategy intended to prevent weight gain as well as to
maintain weight loss over time.
6. Contribution of Physical Exercise to
Total EnergyExpenditure
Interindividual variation in total energy expenditure (TEE)
is mainly a function of diﬀerences in body size and physical
activity. The activity-induced energy expenditure (AIEE) as
part of the TEE may contribute, under habitual conditions,
to 5% in a very sedentary person [72] up to 75% in
highly trained endurance athletes [73]. However, while
total physical activity is positively correlated with TEE,
the weight-reducing eﬀect of intense physical activity often
associated with structured exercise training/sport activities is
less obvious [74]. Interventions comprising regular sessions
of physical exercise of moderate or high intensity generally
produced moderate weight loss, with considerable interindi-
vidual variability, that is less than what could be expected
based on theoretical calculations of the energy cost of the
exercise session per se [75]. The obvious explanation for this
is that weight loss is generally accompanied by a coinciding
upregulated motivation to eat, leading to compensatory
increased energy intake. Another explanation is that total 24-
hour energy expenditure is not increased to the theoretically
expected level in order to defend body mass. The latter
explanationcouldbeduetocompensatorydecreasesinother
daily activities, blunting the eﬀect of exercise on TEE. A
number of studies have, however, shown that the addition
of moderate amounts of nonstrenuous physical activities, at
least without dietary restriction, does not lead to a decrease
in other activities for the remainder of the day [76–80].
The increase in TEE associated with physical exercise
has actually been shown to be higher than the energy
cost of the training program per se. Based on the results
of four exercise intervention studies in nonelderly subjects
[76–79], researchers found that the intervention-induced
increase in TEE was in average 1.9MJ/d, and the calculated
net energy cost of the training program was of 1.0MJ/d.
These ﬁndings, combined with indications of maintained
postexercise behavior, suggest that the cost of the exercise
intervention was twice that could be expected from mea-
surements or calculations of energy expenditure during the
imposed exercise. Although no eﬀects on basal metabolism
were found in these studies when assessed ≥36h after
the last exercise session, it is still possible that the excess
postexerciseenergyexpenditurewithinthistimeframepartly
explained these discrepancies [32, 33, 81], however, probably
not to the full extent, leaving a part of this increase in
TEE unexplained. Whatever the mechanisms behind these
ﬁndings may be, the studies of Westerterp [82]a sw e l l
as Goran and Poehlman [83] suggest that the diﬀerence
between expected and measured increases in TEE is aﬀected
by the individual physical “burden” of the intervention.
In the ﬁrst study [82], the running distance was doubled
(from 25 to 50km/week) without any additional increase in
TEE. In the second study [83], elderly subjects performed 3
intense cycling sessions weekly for 8 weeks but TEE did not
increase (−0.3MJ/d) although the energy cost of the training
intervention per se was expected to be in average 0.6MJ/d.
Wehavepreviouslyreportedthatextremelyﬁtendurance
athletes of both sexes, expending in average 18.3MJ/d
(women) and 30.3MJ/d (men) during periods of intense
training, have approximately 15% higher basal metabolic
rates than sedentary subjects matched for age, sex, and
lean body mass, even ≥39h postexercise [73, 84]. Likewise,
resistance training for 26 weeks in a previously unﬁt elderly
population studied by Hunter et al. [85]r e s u l t e di nm a r k e d
increase in TEE (965kJ/d). This was, in addition to the
energy expended during the training sessions (215kJ/d),
attributed to increased resting metabolic rate (365kJ/d) as
a result of increased lean body mass as well as to additional
nontraining physical activities (288kJ/d).
Anegativeenergybalanceasaresultofexercisecombined
with an imposed energy restriction may potentially modify6 Journal of Obesity
the eﬀect of exercise on TEE. Studies looking at the inﬂuence
of exercise in combination with energy restriction have
found marginal further eﬀects on body weight following the
addition of exercise [86]. Body weight seems to be defended
during caloric restriction, involving at least 3 mechanisms:
(i) a decrease in resting metabolic rate, although partly
counteracted by exercise [87]; (ii) a reduction in nonexercise
physical activity [71, 88] and as recently suggested; (iii) an
increase in work eﬃciency. For instance, Goldsmith et al.
[89] showed that the work eﬃciency (energy output divided
by energy expended above resting energy expenditure) was
increased by 15% when bicycling at 50 Watts after a 10%
weight reduction. This is in line with the explanation oﬀered
by Westerterp et al. [79] for the lack of further increased TEE
paralleling the increased exercise volume described above.
Finally, it should be noted that dietary induced thermo-
genesis (DIT) increases in direct proportion to the increased
TEE if energy balance is maintained. In the case of well-
trained endurance athletes, this could result in DIT four
times higher than an average sedentary subject. It may
account for up to almost 1000kcal/d in extreme cases
and should be considered when assessing the diﬀerent
components of TEE.
7. PhysicalExerciseas a Buffer to
the DeleteriousEffects of Stress on
BodyWeight
The role of chronic stress in the etiology of obesity is
increasingly recognized [90–96]. In turn, the stress response
of obese people has been shown to be exaggerated, which
may further increase the risk of weight gain. Stress man-
agement has then been suggested as a weight control
strategy to stop this vicious cycle [90] and, expectedly,
lifestyle interventions targeting stress reduction have shown
weight-control beneﬁts [97]. Interestingly, the state of low
physical activation appears to intensify the acute response
to psychological stressors [92], and consistently sedentary
lifestyles potentiate the stress-related health complications
such as obesity, particularly visceral obesity [91, 95]. Thus,
physical activity is suggested to decrease the risk of stress-
induced obesity by (i) directly reducing the stress response
and (ii) indirectly buﬀering the harmful eﬀect of stress, as
presented in Figure 2.
In the modern environment, where energy-dense foods
are highly available and food cues very powerful, people tend
to eat pleasurable foods to relieve stress [93]. However, the
stress-induced feeding is not only the result of the behavior-
facilitating environment. When under threat, human body
activates the hypothalamic-pituitary-adrenocortical (HPA)
axis and the sympathetic nervous system (SNS) which
leads to the release of glucocorticoids (cortisol) and cate-
cholamines (adrenaline and noradrenaline), respectively [91,
92]. An increase in circulating cortisol is generally accom-
panied by hyperinsulinemia which may become chronic in
the context of continuous stress [91, 92, 94]. The combined
action of cortisol and insulin is known to increase the
intake of pleasurable foods [94], and insulin blunts fatty acid
Energy
intake
Fat
deposition
Energy
expenditure
Stress
Exercise
Figure 2: Potential inﬂuence of exercise on the interaction between
stress and obesity.
oxidation which could lead to body fat gain. In addition,
some evidence shows that hypercortisolemia leads to a state
of leptin resistance and is also associated to an elevated
neuropeptide Y release [91]. Both hormones (cortisol and
neuropeptide Y) are known to stimulate appetite [98].
In turn, eating hedonic foods appears to decrease the
feeling of stress [94]. It aﬀects the corticolimbic brain
areas that regulate learning, memory, reward, mood, and
emotions [93]. Therefore, the stress-induced feeding habit
is reinforced every time something pleasurable is eaten to
relieve psychological stress [94]. This vicious cycle must then
be stopped by using another stress-reduction method [96]
and, for its physiological and psychological eﬀects, exercise
practice seems a good option.
The neuroendocrine response to stress also inﬂuences fat
deposition. In fact, the joint action of the HPA and SNS
is to mobilize energy for the “ﬁght or ﬂight” response that
has been for long time vital for humans [91]. In today’s
society,wherestressispredominantlyofpsychosocialnature,
the mobilized substrates are not used and rather stored.
Since visceral adipose tissue is particularly sensitive to the
combined signal of insulin and glucocorticoids, stress results
in fat accumulation in the viscera [90–92, 94]. Moreover,
stress-induced visceral fat deposition is further accentuated
by the antithermogenic eﬀect of cortisol [90] and the
concomitant dysregulation in the thyroid axes and in the
secretion of sex steroid and growth hormone [91].
In general, cross-sectional studies show a negative asso-
ciation between physical activity and stress levels, though
such association is not signiﬁcant in all of them [95].
Only few longitudinal and quasiexperimental studies have
been conducted on the topic, but their results tend to
support the cross-sectional evidence. For example, regular
joggers showed a reduced risk of perceiving a high level of
stress compared to sedentary individuals (OR = 0.33) [99].
Moreover, experimental evidence in adolescents assigned to
10 weeks of high intensity aerobic training showed beneﬁcial
eﬀects on perceived stress level in comparison to those who
engaged in moderate aerobic or ﬂexibility training or no
exercise [100].
Themainrationaleforusingexerciseasastressreduction
strategy is mostly based on the cross-stressor adaptation
hypothesis [101]. This theory suggests that a bout of exercise
elicits a stress response which therefore leads to beneﬁcialJournal of Obesity 7
adaptations in the stress pathways that can transfer to
psychosocial stressors. Although this hypothesis seemed
promising in the 1990s, recent meta-analyses did not show
as t r o n gs u p p o r t[ 102–104]. Current research continues to
investigate the possible mechanisms that may explain the
stress-reducing eﬀect of exercise.
The key question now is whether physical activity, which
seems to modulate the level of stress, may interact in the
relationship between stress and obesity. Research on such
triadic relationship is at a very early stage. In fact, only
one study veriﬁed speciﬁcally the three-way interaction. Yin
et al. [96] showed that the interaction of stress and exercise
predicted adiposity measures in adolescents. The authors
of a recent review about the eﬀect of exercise on stress
and metabolic syndrome/obesity were also in favor of the
beneﬁcial eﬀect of exercise on the relationship between stress
and adiposity [92]. Diﬀerent possible mechanisms suggest-
ing that exercise training might protect against the stress-
induced obesity have been proposed. Apart from its possible
direct eﬀect on the modulation of the stress response,
exercise training improves insulin sensitivity, which might
counteract the insulin resistance state produced by chronic
hypercortisolemia [91]. The secretion of insulin could then
be reduced which thereby may diminish its deleterious
impact on energy intake. In addition, exercise training
enhances oxidative capacity of skeletal muscle [91]. In the
long run, this could prevent stress-induced fat deposition by
routing the energy mobilized in response to stressor toward
oxidation rather than storage. Regular exercise produces
psychological improvements that may help buﬀering the
harmful eﬀects of stress. It has beneﬁcial antidepressant and
anxiolytic eﬀect [91, 105] and, as shown in a recent meta-
analysis, depression increases the risk to develop obesity
[106]. Exercise training also improves sleep patterns [95,
105]. Considering that bad sleeping habits is itself a stressor
[107] that has been associated with increased risk of obesity
[108], physical activity can have a stress-buﬀer eﬀect. There
is also some evidence that exercise inﬂuences health-related
behaviors, such as nutrition, and might help coping with
life’s stress, particularly among high-risk individuals [95].
Then, when practiced on a regular basis, physical activity
could help breaking the stress-feeding habits.
8. How CanWeDeal with the Interindividual
VariabilityinExercise-InducedWeight Loss?
When promoting exercise training for weight loss purposes,
we inevitably have to deal with the question of interindi-
vidual variability in the response to exercise training. Why
some people lose weight by exercising whereas others do
not? And how can we deal with these diﬀerences in a clinical
setting?
Interindividual diﬀerences in the response to exercise
training have been reported in the literature [75, 109,
110]. Although methodological issues can be responsible
for the variability (e.g., diﬀerences in subjects’ baseline
characteristics) in some cases, these apparent diﬀerences
can also be attributed to either compensatory behavioral
changes or physiological adaptations to training [75, 109].
The behavioral changes can be both volitional and non-
volitional and include compensatory eating, reduced daily
life nonexercise activities, or simply lack of compliance to
the prescribed exercise program. The physiological adap-
tations, as mentioned earlier, may include a lower resting
metabolic rate, altered substrate utilization, and improved
exercise eﬃciency due to a better physiological functioning
of both circulatory and peripheral mechanisms and struc-
tures.
It is widely accepted that, when facing energy deﬁcit,
the body reacts by upregulating energy conserving compen-
satory responses. Independently or in combination, these
diﬀerent compensatory responses (both behavioral and
physiological) act as a counterbalance mechanism when
exercising for the purpose of weight loss. The timing and
magnitude of these mechanisms can be diﬀerent. However,
it is evident that the behavioral changes (volitional or non-
volitional) contribute more to the compensatory component
than the physiological adaptations [109, 111]. Furthermore,
physiological adaptations to exercise training are not factors
which can be eliminated and, thus, are not susceptible to
any treatment or deliberate changes. Hence, this suggests
that it is important to recognize that behavioral changes
might be a strong limiting factor in terms of achieving a
successful body weight regulation. It is therefore necessary
to uncover the behavioral changes on an individual basis
in order to address them. This not only advocates a more
individual approach when planning exercise programs in
a clinical weight loss setting, but more importantly the
possibility to monitor the patients’ eating and activity
patterns and to give them support and guidance targeting
behavioral aspects. This personalized approach must also
include other behavioral factors that have been shown to
impede the weight loss response, such as sleep deprivation,
stress, depressive symptoms, and weight cycling.
As stated previously in this paper, exercise training
shouldnotbeisolatedasameanstomaintainweightstability
or lose weight but should be considered as a way to promote
health, quality of life and ﬁght oﬀ diseases. The beneﬁcial
eﬀect of engaging in regular exercise training is independent
of weight loss, and for that reason alone, exercise training
should be an integrated part of any weight loss program.
9. Conclusion
The vast majority of scientiﬁc evidence supports a beneﬁcial
roleofexerciseonachievingbodyweightstabilityandoverall
health. The goal is to ﬁnd ways to motivate people to
exercise and adopt healthy lifestyles. In order to achieve this
objective, we must be innovative and creative in ﬁnding
ways to ﬁght against the modern way of living that drives
excess energy intake relative to expenditure. Future research
will be needed to give a better insight into the many issues
impacting physical activity levels of people, including the
barriers to healthy active living. Furthermore, we need to
pay particular attention to the disparities in physical activity
practice, because children with disabilities and those from8 Journal of Obesity
low socio-economic status backgrounds are at a disadvan-
tage. With experts around the world sounding the alarm
about the consequences of escalading rates of obesity, type
2 diabetes, and cardiovascular disease, a concerted action
including legislative measures to promote healthy active
livingismorethanwarranted[112].Speciﬁcally,government
intervention needs to take the form of appropriate legal
and ﬁscal measures designed to make healthy choices more
aﬀordable, accessible, and acceptable. By doing so, we expect
that the population as a whole will be healthier.
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